The dyeing of wool fabric using a natural dye extracted from Dacryodes macrophylla has been studied using both conventional as well as ultrasonic dyeing methods. Natural dye was extracted using water as solvent by Soxhlet extraction method. The extracted color was characterized by spectroscopic studies like UV/Visible and further tested for antimicrobial activity (against Vibrio cholerae (MTCC3906), Salmonella enterica serotype typhi (MTCC733), Shigella flexneri (MTCC1457), Escherichia coli (MTCC119), Listeria monocytogenes (MTCC657) and Staphylococcus aureus (MTCC 96). It was observed that the water extract of D. macrophylla showed antimicrobial activities against S. enterica. The effect of mordants on the dyeing outcome in terms of colour depth as well as fastness properties of the dyeing was investigated. It has been found that employing all the three techniques of dyeing i.e., conventional dyeing at 100 o C and 80 o C as well as ultrasonicated dyeings conducted at 80 o C, the mordanted samples were deeper in depth than their unmordanted counterparts. The results of fastness properties of the dyed fabrics were fair to good. Depths of the shade and fastness properties in case of ultrasonic dyeing were found to be better compared to conventional dyeing. Dacryodes macrophyllaextract was found to enhance microbial resistance of wool as well as was itself as a good source of coloration. These textiles dyed with the natural dyes can be very useful in developing clothing for infants, elderly and infirm people to protect them against common infections.
INTRODUCTION
Dyes can generally be described as colored substances which can impart color to a specific substrate to which they are being applied by selective absorption of light (Gürses et al., 2016) . They can be classified in two classes synthetic and natural (Kirk-Othmer, 2009 ). Natural dyes were very popular since primitive ages. However, their use has reduced to a large extent after the arrival of synthetic dyes. Realization of detrimental effects like carcinogenicity, allergenicity, non-biodegradability etc. of many natural dyes, the use of natural dyes has once again gained interest (Susan, 1982 ; Ratna Padhi, 2019; Melgoza et al., 2004) . The plant world provides a huge resource of natural colors which can be acquired from various plant elements e.g., roots, leaves, fruits, flowers, seeds and woofs. There are many promising plant species available in Cameroon as source of natural dyes. Although some information is available on the extraction of color components from different dye bearing plant species of Cameroon, but many species still remain unexplored. Different species of plants are widely scattered in Cameroon which corresponds to approximately 7850 plants species. Many of these plants are well known for their medicinal properties and it is reported that 80 % of Cameroonian population use medicinal plants for their treatment (Betti,, 2014 ; Record derives from WCSP, 2012). Dacryodes macrophylla is a species of the Burseraceae family that is widespread in Cameroon, Equatorial Guinea and Gabon. In Cameroon it is found in evergreen forest and here and there in semi-deciduous forest and up to 20m high and 90cm in diameter. It is a fruit tree that blooms in March -August and produces fruits in June -September (Eyog Matig et al., 2006) . When ripe, the fruits are fleshy, black and contain a single seed resembling to cherries. The only part of D. macrophylla known to use is the pulp contained in the fruit. This very juicy pulp is consumed directly and used in making juices. During consumption, these fruit leaves a dark blackish colour on fingers and garment. This observation means that D. Macrophylla fruits must be a good source of natural dye with probably good wash fatness on textile materials (Ahmad et al., 2011) . But D. macrophylla have not yet been investigated with reference as a potential source of natural dye. Nevertheless, (Nolé1 et al., 2017) showed that crude organic extract of these fruits could have anti-obesity/overweight and antioxidant properties. Therefore, the present work was aimed at extracting of natural colour from D. macrophylla fruits using water as solvent medium and examining its dyeability on wool as a substrate. To achieve this goal, soxhlet extraction from the crude dye was performed using water as a solvent and evaluation of its dyeability and fastness was determined after optimizing the dyeing process. The effect of different types of mordants (Kaur et al., 2014) on the dyeing performance was also studied. Finally, the dyeing performance was compared using conventional and ultrasonic dyeing methods. The dye extract was characterized by UV/Visible and the antimicrobial activity (Bala, et al., 2017) of the dye against a number of microbes was also determined. To extract dye from Dacryodes macrophylla and applicability of the dye on textiles and its response to antibacterial activity. under aerobic conditions at 37 °C. The pathogenic yeast Candida spp. is procured from the Department of Microbiology, Government Medical College, Amritsar. It was cultured in Sabouroud dextrose broth of HiMedia under aerobic environment at 37 °C. Microbial cultures were preserved at -80 °C in broth containing 20% glycerol (HiMedia) and subcultured twice before using them in the experiments. Extraction of dye: A weighted amount of D. macrophylla powder is introduced into the thimble of the soxhlet extractor and extraction is performed several times using water as solvent. The extracts thus prepared are recovered and kept in the fridge for the subsequent experiments Preparation of the fabric: The scouring of fabric was conducted using 5 gL -1 soap (SDC, Bradford) at 50 o C for 30 min maintaining 40:1 liquor to material ratio. The sample was subsequently washed thoroughly in tap water and dried in air at atmospheric conditions. Mordanting: Alum, Copper Sulphate and Ferrous Sulphate were used as mordant and premordanting technique were employed. Wool was treated with a solution (5.0% owf) of an appropriate mordant at material to liquor ratio of 1:30, for 30 min. Mordanting in case of alum and copper sulphate was conducted at 80 o C, whereas in case of ferrous sulphate the process was conducted at room temperature. After mordanting the samples were rinsed in cold water to remove the excess of mordant and the samples were subsequently taken for dyeing. Dyeing: The pre-mordanted fabrics samples was dyed (4 % shade) using a constant temperature beaker dyeing machine. The dyeing was also performed at 80 o C for one hour using 1:30 material to liquor ratio. The dyed samples were rinsed in cold water and dried in open air. To examine the effect of ultrasonic dyeing the dyeing was also performed using an ultrasonicator (Ellma Transsonic Digital S, 40 KHz) was employed. Dyeing was conducted both with and without mordants at 80 o C keeping other detail same as conventional dyeing. Ultrasonic dyeing method was conducted with a probe Sonicator (Model PKS-500F, PCi analytics), containing probe radius 6.5 mm, working at 20 KHz with a maximum power output 500W at require temperature. The electronic absorption spectra were recorded using Shimadzu Corp uv-1800 spectrophotometer.
MATERIALS AND METHODS

Sample
Fastness testing and colorimetric evaluation:
A standard ISO C06 C2S test method (Bradford: SDC, 1990) was used to evaluate the color fast-ness to washing of dyed samples. For this purpose, the non-ionic detergent (4gL -1 ) and sodium perborate (1gL -1 ) were used. Twenty-five steel balls were also used in this test and the experiment was conducted at pH 10.5. The dyed samples were cut into standard size specifications of 10 x 4 cm. These strips were sewn through the
o observer (CIELAB 1976 colour space). Antimicrobial activity examination: The antimicrobial activities of the water extract of the sample are determined by using well diffusion assay (Reinheimer et al., 1990) . The microbial indicator strains are grown in their respective media at 37 °C till the absorbance at the wavelength 580 nm is 0.2. Hundred microlitres of the cultures were then spread onto BHI-agar plates and the wells of diameter 6 millimetres were cut onto the agar plates by means of cork borer. Afterward, 100 µl of two different concentrations (1 mg/ml and 0.5 mg/ml) of the crude dye extract dissolved in sterile triple distilled water were introduced into the wells. The plates were placed at 4 degree centigrade for 4 h to permit diffusion of the samples in the agar media and thereafter incubated at 37 °C for overnight. The diameter of zone of inhibition is measured in mm. The experiment is performed in triplicates and the standard deviation is calculated.
RESULTS AND DISCUSSION
Absorption spectra of dye extract in acidic and alkaline pH: The visible spectrum of the aqueous solution of the dye at different pH values is shown in Figure 1 . The l max of the dye solution in the visible region was found to be at around 400 nm. The dye exhibited a broad and complex absorption indicating it to be a mixture of various phenolic acids (Prasad et al., 2017) . At pH 11, the l max observed a slight red-shift and the color of the dye solution deepens. This may be owing to the ionization of the hydroxyl groups in the alkaline medium (Mahmoud et al., 2007) . However, the pH sensitivity at high pH did not matter as the dyeing were conducted in the lower pH range. Effect of application of the dye on wool : Table  1 shows the result of K/S values of the dyed wool samples using both conventional and ultrasonic technique of dyeing using different mordants. In contrast to conventional technique of dyeing, the ultrasonication method poses excellent potential in industrial application in terms of reduction of cost, time and energy (Khatri et al., 2011) . Dyeing performed at boil resulted higher colour depth than dyeing at 80 o C. Ultrasonic dyeing could not perform better for this particular dye on wool. Application of mordants improved the dye uptake (Haar, et al., 2013) . Among the three mordants copper sulphate and ferrous sulphate produced darker shades and from the actual images (Fig 2) of the dyed sample it can be seen that there was variation of tones for different mordants. The maximum K/S value has been observed in case of conventional dyeing (boil) on mordanted samples with copper sulphate (14.2) and ferrous sulphate (14.7). On the other side, in case of conventional dyeing (80 o C) without mordants, the K/S value is only 3.9 whereas this value is increased up to 5. Table 1 ).
Fig 2. Actual image of the dyed samples (the sample number indicates the conditions given in
Fig 3. BHI-agar plate showing zones of inhibition; A) 0.5 mg/ml water extract, B) 1mg/ml water extract against S. enterica.
A.
B.
cellent. The rubbing fastnesses of dyed samples were quite good whereas light fastnesses were moderate. The mordanting with alum was found to enhance the fastness to light as well as washing but caused dulling of the shade. The colorimetric data of the dyed wool samples is presented in Table 3 . It can be seen that the dyeing of wool using fractionated extract of D. macrophylla fruits were brownish yellow in hue (as noticed from the lower a* and higher h values). Dyed samples were duller, especially the unmordanted as well as the samples mordanted with ferrous sulphate in comparison to the dyed samples mordanted with alum and copper sulphate (as seen from the lower c* values of the specified dyeing). These results may be attributed to the presence of yellow flavonoids (quercetin and quercitrin) in the Antimicrobial activity: The antimicrobial activity of the crude dye extract was determined by using well diffusion assay. The water extract of dye showed antimicrobial activities against S. enterica at both the concentrations (Table 4 ; Fig….). However, the extract had no antimicrobial activity against any other microbial indicator strains. The antimicrobial properties of the water extract of D. macrophylla could be due to the presence of polyphenols in the extract. Plant-derived polyphenols are known to have various properties such as antioxidant, anti-inflammatory, anticancer and antimicrobial (Daglia, 2012) . Antimicrobial properties of polyphenols are probably due to their hydrophobic character that helps them to interact with the lipid bi-layer cell membrane of the pathogens and destabilize it (Xu et al., 2014) leading to leakage of cellular contents.
Conclusion
Fractionated extract of D. macrophylla berries can be used successfully as a source of natural dye for dyeing of wool; the dye appears to behave as a mordant dye with optimum uptake occurring under the conditions used. Mordanting improved the fastness properties as well as amends the depth of shade and other colorimetric parameters such as chroma, lightness as well as color, this being attributable to the formation of dye-mordant complex. Ultrasonication offers advantage of conducting dyeings at low temperature (80 o C). . Wash fastness staining results ranges from 3-4, were found to excellent. The rubbing fastnesses with rating 4-5 and 5 of dyed samples were quite good whereas light fastnesses were moderate. The fractionated extract of D. macrophylla berries selectively inhibited the growth of S. enterica, in a dose-dependent manner as the extract at the dose of 1.0 and 0.5 mg/ml showed 11 and 9.0 mm of zones of inhibitions, respectively. The results of effective antimicrobial activity and good fastness properties of dyed wool showed that these berries may find potential application in the field of potential medical textiles.
